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i. Basic Project Information  
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    McMaster University 
    Department of Biology 
    Hamilton, ON, Canada 
    woodcm@mcmaster.ca 
 
IDRC RC: Adalto Bianchini 
    Universidade Federal do Rio Grande 
    Instituto de Ciências Biológicas 
    Rio Grande, RS, Brazil 
    adaltobianchini@furg.br 
 




Accelerated growth, unplanned development, and rapidly increasing population along Brazil's coast have 
negatively impacted the environment. Current debates on how to restore, preserve and improve coastal 
ecosystems demand improved understanding of how natural and anthropogenic activities affect estuaries. 
Research activities in the scope of the present project have undertaken ecotoxicology modeling for metal 
release regulatory purposes, and biomonitoring of organic and inorganic contaminants for evaluation of 
effects on water quality. Using these data, and in collaboration with government agencies, industrial 
research organizations, NGOs and community stakeholders in Brazil and Canada, the team developed 
alternative management strategies to guide industrial regulations, human settlement and urban policy in 
these environmentally and socioeconomically important areas. Patos Lagoon (Rio Grande, RS, southern 
Brazil) and São Marcos Bay (São Luís, MA, northern Brazil) estuaries were the primary field sites studied as 
they have similar anthropogenic activity in and around these water bodies. Furthermore, as they represent 
subtropical and tropical conditions respectively, they allowed us to extend data and models obtained to 
other areas along the Atlantic coast. McMaster University and Canadian coastal areas also served as an 
additional laboratory and provided field sites for research and training. The training component involved the 
collaboration of principal investigators, graduate students and post-doctoral fellows from the Federal 
University of Rio Grande (Brazil) and McMaster University (Canada). An intense exchange of personnel 
(graduate students and postdoctoral fellows) from Brazil to Canada and vice-versa was promoted. 
 
ii. The Research Problem  
 
a) Original Rationale: Environmental contaminants originating from human activities eventually reach the 
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coast, via domestic sewage, agricultural runoff, industrial effluents, rainfall and atmospheric deposition. 
Estuarine and other coastal areas become sites of critical contamination due to this net drainage from the 
watershed. They are further compromised by the toxicants released during harbor operations, such as 
metal-based anti-fouling paints and fuel spillage. This large spectrum of emitting sources contributes many 
different types of organic and inorganic pollutants. These complex mixtures may induce deleterious effects 
in coastal organisms. In turn, coastal zones are important areas for both natural and aquacultural growth 
and reproduction for numerous fish and invertebrates. Thus, pollution of this ecosystem is of extreme 
concern because of its negative economic and ecological impacts. Furthermore, most of the aquatic 
pollutants are bio-accumulated through food webs, indirectly threatening the health of consumers, which 
can be aquatic organisms or human beings. In Brazil, the ecological equilibrium of coastal areas is now 
severely threatened by the increasing organic and inorganic pollution associated with both population and 
industrial growth. Therefore, there is an urgent need for the development of new methods for the 
identification, estimation and management of the risk imposed by the indiscriminate discharge of chemical 
compounds in Brazilian coastal ecosystems. The present proposal aimed to advance these goals. 
 
b) Scientific Importance: Research activities proposed within the present program were novel in being both 
multi- and interdisciplinary. They were concentrated on ecotoxicology modeling (Biotic Ligand Model - BLM) 
for metal release regulatory purposes, and biomonitoring of water quality with respect to both organic 
(through biomarker response) and inorganic contaminants (through direct measurement and biomarker 
response). The development of new methods for the identification, estimation and management of the risk 
imposed by chemical contaminants disposed in Brazilian coastal ecosystems, as proposed in the present 
project, were shown to be useful tools to assess the efficacy of regulations at a local level. This is especially 
important because current Brazilian environmental regulations are largely copied from northern hemisphere 
countries without a firm scientific understanding of tropical and subtropical ecosystems. The application of 
these new techniques to assess the efficacy of regulations in coastal ecosystems is novel, providing 
complementary methodology in environmental monitoring.  
 
c) Societal/Technical relevance: Many Brazilian people live in extremely poor conditions. The use of coastal 
areas occurs without adequate planning or integrated understanding of the environmental support capacity 
and the influence of natural and anthropogenic activities on water quality. According to Brazilian Federal 
policy, directives for the implementation of scientific and technological activities linked to coastal sciences 
are urgently needed to improve sustainable socio-economic development in Brazil. Threats to estuarine and 
coastal biodiversity, conflicts between aquaculture and other economic activities, degradation of fisheries, 
and impacts of anthropogenic inputs are listed as the main concerns. The development of new methods for 
the identification, estimation and management of the risk imposed by chemical contaminants disposed in 
coastal ecosystems, as performed in the present project, helped to develop new alternative management 
strategies to guide industrial regulation, human settlement and urban policy in coastal areas in Brazil. 
 
iii. Objectives  
 
The overall objective of the Project was to develop alternative management strategies to guide industrial 
regulation, human settlement and urban policy in coastal areas in Brazil. 
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The specific objectives of the Project were as follows: 
• To perform ecotoxicology modeling for metal release regulatory purposes using the BLM approach; 
• To biomonitor water quality regarding both organic (through biomarker response) and inorganic 
contaminants (through direct measurement and biomarker response); 
• To undertake training of highly qualified personnel in ecotoxicology and pollution regulatory issues; and 
• To collaborate with government agencies, industrial research organizations, and community 
stakeholders with the goal of restoration, preservation and improvement of coastal ecosystems. 
 
iv. Methodology  
 
Methods originally proposed for sampling and analysis in both field and laboratory have proven to be 
appropriate for metal, hydrocarbons and organochlorine pesticides analyses. However, we faced technical 
problems to detect organophosphorus pesticides in biological samples collected. Two technical alternatives 
were tested without success for this analysis. Surface waters were collected seasonally for two years in 
different sites in the Patos Lagoon estuary (Rio Grande, RS, southern Brazil) and the São Luís estuary (São 
Luís, MA, northern Brazil). At the time of collection, water pH and temperature, dissolved O2, salinity, were 
determined. Filtered (0.45-μm filter for the dissolved component) and non-filtered water samples (for the 
total metal component) were collected and analyzed for metals concentrations by atomic absorption 
spectrophotometry (AAS) associated or not with graphite furnace, depending on the metal and 
concentration to be detected. Cation (Na+, K+, Ca2+, Mg2+) concentrations were determined in filtered 
samples by AAS. Anion concentrations were measured by spectrophotometry in filtered samples using a 
commercial reagent kit for Cl- and the method of Tabatabai (1974) for SO4
2-. Alkalinity was measured using 
the method described by the American Public Health Association (1989). Dissolved organic carbon 
concentration was measured using a total carbon analyzer. Data on these physicochemical parameters were 
used in the scope of the BLM approach. BLM is a computacional tool developed and calibrated for 
freshwater invertebrates and fish which allow us to predict the bioavailability and toxicity of metals. 
Therefore, it is important to note that this model was only validated and calibrated for freshwater systems, 
thus needing more information to be extended to brackish and salt water, as performed in the present 
study. In order to assess the effectiveness of BLM predictions from direct metal monitoring, biological 
samples were collected for evaluation of two biomarkers of chronic metal exposure (metallothionein 
concentration, tissue metal residues).  In addition, biological samples were also collected for analyses of 
other biomarkers. They were analyzed in whole body (copepods) or selected tissues (fish and crabs) as 
appropriate. Biomarkers included those considered specific for exposure to a variety of hydrocarbons (CYP 
450 activity) and pesticides (acetylcholinesterase activity) as well as oxidative stress biomarkers (lipid 
peroxidation). Biomarkers were assayed in at least 5 individuals (fish and crabs) or pools of individuals 
(copepods) of each species collected in the sampling sites. After collection, fish were immediately 
euthanized with benzocaine (200 ppm) while crabs and copepods were cryo-anaesthetized on ice. Biometric 
data for fish (body weight; total and standard lengths) and crabs (body weight; carapace width) were 
obtained. Muscle, gills, brain/cerebral ganglia and liver/hepatopancreas of fish/crabs were also dissected. 
Liver/hepatopancreas/whole body (fish/crabs/copepods) samples were separated into sub-samples, 
immediately frozen and transferred to the laboratory. One set of sub-samples was digested in HNO3 and 
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analyzed for metals (currently Ag, Cu, Zn, Cd, Fe, Ni, and Pb). The other sets of sub-samples were prepared 
for pesticides, hydrocarbons and biomarkers analyses. Brain/cerebral ganglia (fish/crabs) and whole body 
(copepods) samples were used to assay acetylcholinesterase activity. Liver/hepatopancreas (fish/crabs) and 
whole body (copepods) samples were used for measurements of CYP 450 activity (EROD assay), lipid 
peroxidation and metallothionein-like proteins concentration. Methodologies described in previous studies 
with estuarine species from the laboratory of Dr Bianchini were employed (acetylcholinesterase activity: 
Tortelli et al., 2006; metallothioneins and lipid peroxidation: Zanette et al., 2006). EROD activity was 
determined by the method of Gagné and Blaise (1993). Data were presented as mean ± standard error and 
modeled using the Generalized Additive Models (GAM) and Principal Component Analysis (PCA) to identify 
the most reliable and practical biomarker to use in future biomonitoring programs in the scope of public 
policies. 
 
v. Project Activities  
The project developed in the scope of the IDRC Program was based on four main groups of activities: 
ecotoxicology modeling for metals using the BLM and GAM; biomonitoring of water quality regarding 
organic and inorganic contaminants using biomarkers; training of highly qualified personnel; and 
collaboration with government agencies, industrial research organizations, NGOs, and community 
stakeholders. As originally proposed, research activities involving ecotoxicology modeling for metal release 
regulatory purposes and biomonitoring of water quality regarding organic (through biomarker response) and 
inorganic contaminants (through direct measurement and biomarker response) were performed in both 
subtropical (Patos Lagoon estuary, Rio Grande, Rio Grande do Sul state, southern Brazil) and tropical (São 
Marcos Bay, São Luís, Maranhão state, northern Brazil) coastal areas. Sampling and studied sites included 
River, Lake and Beach Fronts in both Patos Lagoon estuary (Fig. 1) and São Marcos Bay (Fig. 2). 
The Patos Lagoon is the largest coastal lagoon in South America. It is the recipient of almost all the rainwater 
falling in southern Brazil, which drains pastures, crop fields and large urban areas. Around 3 million people 
are living and depend on the Patos Lagoon for industrial, domestic, harboring and agricultural activities. 
Therefore, a complex mix of chemical contaminants (metal, hydrocarbons and pesticides) is released into 
the Patos Lagoon waters. Rio Grande City is located in the border of the estuarine area of the Patos Lagoon, 
where waters from the lagoon flow into the southern Atlantic Ocean. In this context, the “Mangueira Inlet” 
is a very important area of the Patos Lagoon estuary associated with the Rio Grande City development. 
Historically, this area was considered as a major site for reproduction and/or growth of shrimp and fish 
species of commercial importance, being exploited exclusively by artisanal fishermen. However, the 
“Mangueira Inlet” is now well recognized as an estuarine area which is heavily impacted by chemical 
contaminants. Over decades, one of the borders of this estuarine area was disorderly occupied by human 
settlement associated with the development and expansion of the Rio Grande City urban area. In turn, the 
opposite border was occupied by the Rio Grande “industrial district”, which involves industrial and harbor 
activities. Today, the Rio Grande harbor is one of the most important harbors in Brazil. In turn, industrial 
activities include oil refinery and production of fertilizers, soya bean oil, ammonia, among other types of 
activities associated with chemical industries. An important part of the industrial effluents from the 
industrial district is actually released into the “Mangueira Inlet”. In addition, there is an input of domestic 
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effluents to this estuarine area as a contribution from the fresh water flowing from the urban creeks into the 
“Mangueira Inlet”, since a significant part of the population is actually living around these creeks. In 
summary, this estuarine water body receives domestic effluents from one side and industrial effluents from 
the other side (Fig. 1). 
 
 
Figure 1. Different fronts (river, lake and beach) evaluated and monitored in the Patos Lagoon estuary (Rio 
Grande, RS, southern Brazil)  during the development of the IDRC project. 
In addition to the background above, it is important to note that a settlement of 78,582-104,772 new 
habitants is estimated to occur around the drainage basin of the urban creeks until 2020. The current 
population of Rio Grande City is around of 210,000 people. Therefore, an explosive increment in population 
is expected to occur in less than one decade. This explosive increment in population can directly affect the 
water quality of two preserved creeks (Bolaxa and Senandes) and severely increase the actual impact in one 
of the creeks (Vieira).  This urban growth is being driven by Federal, State and Municipal investments now 
taking place in Rio Grande City. These investments are majorly focused on the following macro vectors of 
local/regional development: (a) naval pole and off-shore structures; (b)energetic pole; (c) trans-shipment 
logistics; (d) touristic pole; and (e) re-organization of chemical and food poles. 
In light of the above, the main idea of our program was to drive decision makers to take actions in order to 
maintain the water quality of the preserved creeks showing good conditions, as well as to avoid an 
increment in deterioration of creeks already impacted and even to improve the quality of their waters. The 
monitoring performed by our research group, as described below in detail, is quite important considering 
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the fact that these six urban creeks flow into the Patos Lagoon estuary, thus contributing a significant 
amount of chemical contaminants from domestic effluents. Therefore, improvement in the quality of fresh 
water running into the Patos Lagoon certainly helps in preserving the quality of the estuarine waters. In 
turn, considering the huge differences in water chemistry between fresh and salt waters, as well as the fact 
that effluents released and flowing into the estuarine waters are characterized as a complex mixture of 
chemicals, the application of the BLM for the estuarine waters was less indicated. Therefore, we applied 
biomarkers, as an alternative tool, to monitor the water quality of the estuarine area of the Patos Lagoon. 
 
In turn, the Maranhão State is one of the biggest states in northern Brazil with a transition zone with the 
Amazon region, thus showing a great biodiversity. It is known by its extensive coastal region (approximately 
640 km long) with the major part being constituted by mangroves (500 km), which performs 50% of all 
mangrove areas in Brazil. Associated with this transition area, the Maranhão state is well marked by 
pluviometric and climate variations, being characterized by two distinct seasons: dry (from January to July) 
and wet (from August to December). Therefore, its waters show great seasonal variation in physicochemical 
parameters. In addition, the coastal zone of Maranhão can be considered as the most impacted estuarine 
ecosystem in Brazil. This impact is associated with siltation and chemical pollution through the discharge of 
industrial, harbor and urban effluents, as it can be seen in the Patos Lagoon estuary in southern Brazil. 
 
The São Luís Island divides the the "Maranhense Gulph" into two main parts, one constituted by the São 
Marcos Bay at west, which comprises the Grajaú, Pindaré and Mearin Rivers. The other part is formed by the 
São José Bay at east, which comprises the Munin and Itapecuru Rivers (Fig. 2). The São Marcos Bay - 
estuarine area of São Luís, the capital of the Maranhão state - constitutes the main inflow of water into the 
Maranhão state, which is made through the Mearin River. It is known by its high hydrodinamics, with a 
semidiurnal tide cycle which can achieve up to 7.2 m high. The São Marcos Bay is considered as an 
important fishing area and hosts the major harbor of the region, with several companies dealing with metals 
(e.g., Alumar and Companhia Vale do Rio Doce), as well as oil production and refinement (e.g., Petrobras). 
The Alumar harbor, known as the Itaqui harbor, is involved with minerals transport, but also receives caustic 
soda, mineral charcoal, pitch and bauxite, which are used in the production of aluminum. In turn, the Ponta 
da Madeira harbor, which belongs to the Companhia Vale do Rio Doce, is involved with iron ore export. In 
addition to the industrial contamination, the São Marcos Bay is being highly contaminated with urban 
seawage and agricultural residues (pesticides) in the last decade.  The São José Bay is limited at west by the 
São Luís Island, which isolates it from the São Marcos Bay, and at east by the island forming the Tubarão 
Bay. The São José Bay is a continuation of the Itapecuru River estuary, which crosses geological regions 
which differences are reflected in the morphology and distribution of the sediment deposits. Despite its 
dimension, localization and ecological importance, there is a lack of knowledge about the human impacts 
and chemical contamination in the São José Bay. 
 
As for the Patos Lagoon, the uncontrolled used of the coastal zone in the Maranhão state is also increasing 
the environmental impact and affecting the health of animals living there. However, the biological effects 
resulting can be varied, mainly when considering the contaminants showing high bioaccumulation potential, 
high biological efficiency, low or no degradation and sinergic or additive action with other contaminants 
and/or other environmental stressors, such as metals, hydrocarbons and pesticides. Therefore, the 
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Figure 2. Different fronts (river, lake and beach) evaluated and monitored in the São Marcos Bay (São Luís, 
MA, northern Brazil) during the development of the IDRC project. 
 
To achieve the main research objectives, our research group collected water and biological samples from 3 
aquatic species (crabs, croakers and copepods) to determine the applicability of the BLM in the scope of the 
ecotoxicology modeling for metal release regulatory purposes in the Patos Lagoon estuary. Also, these 
collections were employed to biomonitor the water quality regarding organic (through biomarker response) 
and inorganic contaminants (through direct measurement and biomarker response). In this case, the 
response of different biomarkers of exposure to metals, hydrocarbons and pesticides were evaluated. 
Samples were collected every season in two different sites along a salinity gradient in the “Mangueira Inlet”, 
as a polluted area. Sampling was also performed in a clean (reference) estuarine area (Barra do Chuí, Chuí, 
RS, southern Brazil) approximately 220 km distant from the Patos Lagoon. Sampling was performed from the 
summer of 2011 to the summer of 2013. After analysis, the more effective, adequate and cheap biomarkers 
were selected for evaluation and monitoring of water quality and ecosystem health in the Patos Lagoon 
estuary and adjacent coastal area. 
 
It is important to stress that the chemical tools available and used for monitoring the water quality at the 
beginning of this research project had proven to be inneficient, time consumming and not sufficient to 
perform an adequate analysis of the risk imposed by the different groups of contaminants present in the 
freshwater and saltwater systems. Indeed, a much better approach should consider the combination of 
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chemical and biological indicators of water quality. Furthermore, the use of an ecotoxicological model such 
as the BLM to analyze and interprete the resulting data would be much more adequate to evaluate and 
predict the risk imposed by the release of chemical contaminants in both fresh and salt water in the Patos 
Lagoon estuary and coastal adjancent area. Therefore, all the research activities planed and performed in 
the scope of the present study were previously discussed and approved by the Municipal Council for 
Environmental Protection (COMDEMA). In February 2012, COMDEMA has constituted and authorized a 
working group to discuss more deeply the adequacy of the alternative tools (BLM and biomarkers) for water 
quality monitoring in the Rio Grande area. The working group was constituted by the following members:  
Municipal Secretariat of Environment; Federal University of Rio Grande; Environmental Research Institute 
“Friends of Nature” - NGO; “Friends of Vieira Creek” Association – NGO; Rio Grande Industry Center (CIRG); 
Rio Grande Trade Chamber; Society of Engineers and Architects of Rio Grande (SEARG); and Association of 
Inhabitants of the San Peter Park - NGO. As discussed and approved by COMDEMA, it was expected that the 
alternative tools could be adopted and put into the environmental regulatory framework aiming to monitor 
the water quality in estuarine and coastal waters around Rio Grande City. As a first step, a workshop was 
realized in July 26, 2012. A large number of agencies and institutions were represented during this 
workshop, such as the Municipal Council for Environmental Protection (COMDEMA); International 
Development Research Centre (IDRC – Ottawa – Canada); State Foundation for Environmental Protection 
(FEPAM-RS) - Central State Office; State Foundation for Environmental Protection (FEPAM-RS) - South 
Region Office; State Company of Sanitation (CORSAN); Chico Mendes Institute for Protection of the 
Biodiversity (ICMBio); Rio Grande Industry Center (CIRG); Municipal Secretariat of Coordination and Planning 
(SMCP); Municipal Secretariat of Health (SMS); Municipal Secretariat of Environment (SMMA); Biological 
Sciences Institute (University of Rio Grande); Oceanography Institute (University of Rio Grande); Chemistry 
and Food School (University of Rio Grande); Education and Environmental Monitoring Center (NEMA) – 
NGO; and Friends of Nature – NGO. Participants presented and discussed themes such as: (a) macro vectors 
of local/regional development; (2) actual water quality criteria for fresh and salt waters in the Patos Lagoon 
area (southern Brazil); (3) technical basis of the BLM; (4) water chemistry monitoring of 6 urban creeks from 
the Rio Grande area; (5) application of the BLM for the urban creeks and future scenarios; (6) legal aspects 
involved in the application of the BLM into the local environmental regulation framework; (7) future 
research efforts and activities in coordination with COMDEMA.The second workshop with local stakeholders 
and decision makers was held in November 06, 2012. In this workshop, the application of the biomarker 
approach to monitor estuarine and coastal waters around Rio Grande City was discussed. All the participants 
involved in the first workshop of July 2012 were invited to participate in the second workshop of November 
2012. Folllowing these workshops, several other deliberative meetings were performed during 2013 and 
2014 with the working group, COMDEMA and legislation consultants to discuss and approve the inclusion of 
the two alternative tools (BLM and biomarkers) into the local environmental regulatory framework.  
Therefore, a very positive scenario for the development and implementation of both alternative methods 
(BLM approach, biomarker approach) proposed for water quality monitoring was created and largely 
enriched with support of the IDRC Program. As a result of the large number of meetings with environmental 
regulatory agencies and decision-makers, both fundamental and applied research projects were initiated by 
the Municipal Council for Environmental Protection (COMDEMA ). Dr Bianchini led the work group from 
COMDEMA responsible for the development and application of the knowledge on the use of these two 
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approaches. In the scope of the ecotoxicological modeling approach, the Biotic Ligand Model (BLM) was 
applied to evaluate the loading capacity of six urban creeks for metals (cadmium, copper, lead and zinc) 
considering twelve physicochemical parameters of the water, including metals concentration. The creeks 
monitored (Bolaxa, Senandes, Vieira, Cabeças, Martins, and Barrancas) are unique water resources within 
the Rio Grande urban area and all of them flow into the “Mangueira Inlet”, which is a very important and 
heavily impacted site of the Patos Lagoon estuary, as described above. Three of these creeks were described 
as now impacted by urban growth, thus contributing significantly for estuarine and coastal contamination 
with domestic effluents. Notably, the metals monitored (cadmium, copper, lead and zinc) are among the 
major contaminants in domestic effluents. In contrast, three of the creeks monitored were shown to be still 
under preservation by Federal and State regulations. Therefore, application of the BLM clearly showed that 
preserved creeks display higher loading capacity for metals than those impacted by domestic effluents.  
As a final result, the monitoring of the urban creeks water quality in the estuarine area in Southern Brazil 
using the ecotoxicology modeling for metal release regulatory purposes, as performed by the research 
group, was approved by the local environmental agency (COMDEMA - Conselho Municipal de Defesa do 
Meio Ambiente). This action was imperative to improve the quality of estuarine waters from the Patos 
Lagoon. In turn, public actions to revitalize the “Mangueira Inlet” were also approved by the Brazilian 
Ministry of Cities (Brasília, DF) and are being put in place under the charge of the Secretariat of Coordination 
and Planning and the Secretariat of Environment of Rio Grande. In addition, the other alternative tool 
(biomarkers) proposed by the research group was also approved by the local environmental agency and is 
now being used to derive water quality criteria to evaluate and monitor the water quality and ecosystem 
health, as well as the possible improvement in water quality after the revitalization of the “Mangueira Inlet” 
as a consequence of the public actions. This approval was officially put in place in July 11, 2014 through the 
publication of the COMDEMA Resolution 002/2014. 
Collection of water and biological samples for biomarkers analysis, as described above for the Patos Lagoon 
estuary in southern Brazil, was also performed in the Amazon region (São Marcos Bay, São Luís, MA, 
northern Brazil). In this case, collections in the tropical region were performed in three different sites in two 
different regions in the wet (winter) and dry (summer) seasons from 2012 until 2014 (Fig. 2). As originally 
proposed, the idea was to compare the response of biomarkers of exposure to chemical contaminants 
(metals, hydrocarbons and pesticides) in the different aquatic species (crabs, croakers and copepods) in 
subtropical (Patos Lagoon) and tropical (Amazon) regions. This allowed the research group to validate the 
application of the biomarker approach also to tropical coastal areas. To achieve this objective, data on water 
physicochemical parameters, contaminants (metals, hydrocarbons and pesticides) and biomarkers 
responses in copepods, crabs and croakers obtained in both subtropical (Patos Lagoon estuary) and tropical 
(São Marcos Bay) estuaries were analyzed, compared and discussed using the statistical GAM modeling and 
PCA analysis. All scientific results obtained by the research group in the Patos Lagoon estuary and the results 
available until October 2013 for the São Marcos Bay were presented by undergraduate students, graduate 
(MSc and PhD) students and principal investigators during the Brazilian Congress of Aquatic Toxicology 
(CBTAq). This meeting was organized by the research group and held in November 4-8, 2013 at the Federal 
University of Rio Grande (Rio Grande, RS, southern Brazil). Additional data obtained after October 2013 
were presented and discussed in two different meeting in Canada and Brazil (23rd Annual Comparative 
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Physiology and Biochemistry Workshop, January 31-February 1-2, Elmhirst’s Resort, Keene, ON, Canada; 
and 13a Mostra da Produção Universitária, October 14-17, Rio Grande, RS, Brazil). 
In addition to the research activities, it is also important to stress the enhanced training environment 
created by the IRCI. All field and laboratory activities increased significantly the opportunites for trainees to 
develop their skills in the aquatic toxicology and environment protection and conservation fields. HQP 
training was always a constant and main component of the project developed in the scope of the IDRC 
Program. In total, 81 people were trained at different levels (undergraduate, MSc, PhD and post-doctoral) 
over the 5-year project. Also, it is worth to mention the increased collaboration with government officials 
involved in environmental regulatory issues in Brazil. Activities developed in a cooperative way with 
government officials, community stakeholders, industrial managers, and NGOs were critical for training of 
undergraduate and graduate students, as well as post-doctoral fellows. In this case, opportunities created 
helped significantly in training people more responsible towards the monitoring and preservation of water 
quality and ecosystem health. On the professional side, seven of the trained people are now hired as faculty 
members in Federal or State Universities in Brazil (Camila de Martinez Gaspar Martins, Indianara Fernanda 
Barcarolli, Christianne Lorea Paganini, Indianara Fernanda Barcarolli, Isabel Soares Chaves, Vania Vera Loro 
and Samantha Eslava Gonçalves Martins), two are hired as laboratory technicians in a Federal University in 
Brazil (Sandra Carvalho Rodrigues and Thaís Martins Lopes), and three have postdoctoral fellowships (Lygia 
Sega Nogueira, Marianna Basso Jorge, and Mariana Machado Lauer). In addition, one PhD student is hired as 
environmental agent in the local Secretariat of Environment (Daiane Marques de Miranda). Three of the 
Canadian trainees now have faculty positions (Kevin Brix, Hassan Al-Reasi, Joel Klinck), one has an NGO 
position (Margaret Tellis), and one has a postdoctoral fellowship (Erin Leonard). It is important to note that 
65% of trainees were females. 
Finally, it is important to mention the increased capability of the research group in creating and maintaining 
established networks for cooperative work in science and development. The Brazilian network on “Aquatic 
Toxicology“ (www.inct-ta.furg.br) was created and expanded, involving initially main researchers from 5 
Federal Universities (Federal University of Rio Grande, Federal University of Santa Catarina, Federal 
University of Paraná, Federal University of Pernambuco, and Federal University of São Carlos) and 1 State 
University (State University of Londrina). The extension of this research network was proposed in August 
2014, but now involving 10 Federal Universities (Federal University of Rio Grande, Federal University of 
Santa Catarina, Federal University of Paraná, Federal University of Pernambuco, Federal University of São 
Carlos, Federal University of Santa Maria, Federal University of Espírito Santo, Federal Rural University of 
Pernambuco, Federal University of Pará and Federal University of Maranhão), 3 State Universities (State 
University of Londrina, State University of Santa Catarina, and State University of Northern Paraná), and 2 
Private Universities (University of the Itajaí Valley and University of Vila Velha). This research network has 
been continuously supported by the National Council for Science and Technology (CNPq, Ministry of Science 
and Technology). Also, as a result of the networking activities developed by the research group, the Brazilian 
research network on “Biomarkers of Contaminants in Coastal and Marine Environments” - Marine Science 
Program - was created and expanded, involving actually 5 Federal Universities (Universidade Federal do Rio 
Grande, Universidade Federal de Santa Catarina, Universidade Federal do Maranhão, Universidade Federal 
Rural de Pernambuco, Universidade Federal do Rio de Janeiro) and 1 State University (State University of 
Santa Cruz). This second network is continuously supported by the Coordination of High-Qualified Personnel 
- 12 - 
 
(CAPES, Ministry of Education). Both networks are headed by Dr. Bianchini, the IDRC RC. 
On the CRC side, the opportunities provided by the IDRC – IRCI program also enriched and enhanced in all 
the categories considered in the scope of the Program. As a result of interactions fostered by the program, 
the CRC was able to forge many new collaborative links – with colleagues at INPA (the National Research 
Institute of the Amazon, Manaus, Brazil), Environment Canada, the United Nations University Water, Wilfrid 
Laurier University, Bamfield Marine Sciences Centre, CIMAR, Porto, Portugal, University of Antwerp, 
Belgium, and the University of Nairobi, Kenya, and of course with the IDR –IRC, Dr. Bianchini, as a foreign 
collaborator. With regard to the first of these collaborations (INPA), the CRC was nominated for and 
received a 3 year Science Without Frontiers Fellowship (2013-2016) from the Brazilian National Funding 
Agency (CNPq). The application was initiated by the Director of INPA, Dr. A.L. Val, and was supported by the 
IDRC–IRC, Dr. Bianchini (FURG), and has resulted in stronger linkages between the INPA-led ADAPTA 
program (Biodiversity of the Amazon) and the FURG-led IDRC program, INCT-TA program (Brazilian 
Toxicology Network), and Biomarkers of Contaminants in Coastal and Marine Environments network from 
the Brazilian Ministry of Education. It also enhanced Brazilian training opportunities, providing fellowships 
for graduate students and PDFs. On the financial side, the CRC was able to obtain NSERC CRD-Industry 
research grants to study aspects of metal toxicity in estuarine and coastal waters in Canada, and industrial 
grants to study metal toxicity in freshwater fish. These have involved important collaboration from the IDRC-
RC, Dr. Bianchini, and the research is ongoing. 
In light of the above, it is clear that the networking activities developed with support of the IDRC Program 
enhanced significantly the capability of the research group to obtain extra financial support from different 
national agencies in Brazil and Canada, as well as international agencies in America and Europe to maintain 
and expand their research, training, science diffusion and collaborative work with government agencies, 
industrial research organizations, NGOs and community stakeholders with the goal of restoration, 
preservation and improvement of coastal ecosystems (see Appendix).  
vi. Project Outputs 
 
List of Trainees 
 
 Trainees supervised by 
IDRC RC 
Trainees supervised by 
the CRC 
Trainees co-
supervised by IDRC 
RC & CRC 
Trainees supervised by 
other collaborators 
Undergraduate (1) Anderson Abel de Souza 
Machado 
(2) Bruna Barros Furci 
(3) Eduardo Guerreiro 
Gomes 
(4) Gabriel Barboza dos 
Santos 
(5) Janaina Goulart Cardozo 
(6) Jannine Marquez 
(1) Margaret Tellis 
(2) Anu Singh 
(3) Tarunpreet Dhaliwal 
(4) Joshua D’Silva 
(5) Amanda Smith 
(6) Lisa Robertson 
(7) Upasana Banerjee 
(8) Allen Ng 
(9) Tiffany Chow 
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Lencina Avila 
(7) José Itamar Ferreira 
Xavier 
(8) Juliana da Silva Fonseca 
(9) Marina Mussoi 
Giacomin 
(10) Natália Lie Inocêncio 
Yano 
(11) Nayguel Prado 
Cappellari 
(12) Priscila Emerich Souza 
(13) Rafael de Oliveira 
Jaime Sales 
(14) Sidnei Braz Afonso 
(15) Tarine Silveira Siveira 
(16) Vinicius Cavicchioli 
Azevedo 
(17) Vinícius Dias Borges 
(10) Michael Lim 
(11) Usman Yousaf 
(12) Vanaja Sivakumar 
(13) Dhanisha Patel 
 
 
Masters (1) Anderson Abel de Souza 
Machado 
(2) Arthur Juan Costa 
Mathias 
(3) Bruna Duarte Pereira 
Righi 
(4) Cindy Tavares Barreto 
(5) Cinthia Carneiro da Silva 
(6) Cyntia Ayumi Yokota 
Harayashiki 
(7) Evelise Sampaio da Silva 
(8) Joseane Aparecida 
Marques 
(9) Laís Donini Abujamara 
(10) Laura Fernandes de 
Barros Marangoni 
(11) Lygia Sega Nogueira 
(12) Marianna Basso Jorge 
(13) Marina Mussoi 
Giacomin 
(14) Martina de Freitas 
Prazeres 
(15) Paloma Calábria 
Carvalho 
(16) Roberta Daniele Klein 
(17) Vinícius Dias Borges 
(1) Margaret Tellis 
(2) Tamzin Blewett 
(3) Alex Zimmer 
(4) Josias Grobler 
(5) Lisa Robertson 
(1) Anderson Abel 
de Souza Machado 
(2) Margaret Tellis 
(3) Marina Mussoi 
Giacomin 
(4) Lisa Robertson 
(1) Anderson Abel de 
Souza Machado 
(2) Marina Mussoi 
Giacomin 
(3) Lisa Robertson 
(4) Rachel Diamond 
(5) Victoria Rainsberry 
Doctoral (1) Camila de Martinez 
Gaspar Martins 
(2) Cinthia Carneiro da Silva 
(1) Alex Zimmer 
(2) Erin Leonard 
(3) Hassan Al Reasi 
(1) Alex  Zimmer 
(2) Camila de 
Martinez Gaspar 
(1) Lygia Sega Nogueira 
(2) Mariana Machado 
Lauer 
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(3) Daiane Marques de 
Miranda 
(4) Indianara Fernanda 
Barcarolli 
(5) Iuri Salim Abou Anni 
(6) Lygia Sega Nogueira 
(7) Mariana Machado Lauer 
(8) Marianna Basso Jorge 
(9) Roberta Daniele Klein 
(10) Sandra Carvalho 
Rodrigues 
(11) Tatiana Ramos Ávila 
(12) Thaís Martins Lopes 
(4) Joel Klinck 
(5) Marina Mussoi 
Giacomin 
(6) Tamzin Blewett 
Martins 
(3) Daiane Marques 
de Miranda 
(4) Erin Leonard 




(7) Marianna Basso 
Jorge 
(8) Kassio Rios da 
Silva 
 
(3) Marianna Basso 
Jorge 
(4) Jessica Dutton 
(5) Julie Marentette  
(6) Hong Liew         
 
 
Post-doctoral (1) Alessandra Rocha 
Martins 
(2) Camila Dalmolin 
(3) Christianne Lorea 
Paganini 
(4) Indianara Fernanda 
Barcarolli 
(5) Isabel Soares Chaves 
(6) Patrícia Gomes Costa 
(7) Samantha Eslava 
Gonçalves Martins 
(8) Tatiana Ramos Avila 
(1) Anne Cremazy 
(2) Derek Alsop 
(3) Ishaq Ahmed 
(4) Kevin Brix 
(5) Michele Nawata 
(6) Rafael Duarte 
(7) Tania Ng 
(8) Vania Veira Loro 




(2) Lygia Sega 
Nogueira 





(1) Amit Sinha 





IRCI Training Environment: Overall, how has the IRCI enhanced the training environment you could 
otherwise provide to your students? 
 
 
 Not at All Minimal Moderate Significant Don’t know 
CRC    x  
IDRC RC    x  
 
 
As described above, the IRCI significantly enhanced the training environment, especially for graduate 
students and post-doctoral fellows. This is notable not only through the refinement of alternative 
techniques to evaluate and monitor estuarine and marine environments (biomarkers, ecotoxicological 
modeling, tissue residue approach, etc.), but also in the easy approach to apply these tools for 
environmental regulatory purposes. These tools were used in most of the research developed in the scope 
of both undergraduate and graduate student theses under the IDRC RC and CRC supervisions. In turn, 
funding provided through the IDRC RC continuously increased the research capability of the group to use 
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more advanced and refined techniques of both chemical and biological analyses. Also, a very significant 
enhancement in the training environment was given by the official agreement for the exchange program for 
graduate students training signed between FURG (Brazil) and McMaster University (Canada) in 2009. During 
the project development, 13 graduate students (9 Brazilians and 4 Canadians) have benefited from the 
present exchange program. This opportunity significantly enhanced HQP’s motivation to develop joint 
research and exchange cultural experiences, including the improvement of English language skills for 
Brazilian students and of Portuguese skills for Canadian students. 
 
 
Cumulative list of research outputs by type 
 
Type Total number of Research 
Outputs 
Journal Articles (published / accepted) 60 
Journal articles (still in submission process) 11 
Conference Papers 222 
Presentations (non-academic) 5 
Books 2 
Book Chapters 4 
Newspapers / other media 17 
Theses  
- MA / MSc 25 
- PhD 15 
 
vii. Project Outcomes  
 
Results obtained in the scope of the research activities performed by the research group allowed us to 
identify a set of biomarkers which can be now applied as an alternative tool in biomonitoring of impacted 
estuarine and coastal waters at the coastal zones in tropical and subtropical areas. Additionally, the dataset 
on the physicochemical parameters of the waters collected can be used for ecotoxicological modeling of 
metal contamination in different sites of the studied areas. All these tools were discussed with local 
regulatory agencies and decision-makers throughout the five years of project, and this interaction will be 
continued in the future. A set of discussions on the application of the Biotic Ligand Model (BLM) for 
modeling metal contamination in waters flowing into the estuarine areas was discussed and debated in the 
scope of two workshops and one national congress promoted and organized in the scope of the IDRC 
project. As previously reported, a positive political scenario for including these methods and techniques as 
complimentary tools in the local environmental regulations for evaluation and monitoring of the water 
quality was created. Furthermore, a positive atmosphere for discussion and debate with local regulatory 
agencies and decision-makers was also created for the implementation of biomarkers of organic and 
inorganic contamination in estuarine waters of the Patos Lagoon. The importance of the implementation of 
both alternative monitoring tools (BLM, biomarkers) was effectively recognized by the societal 
representatives involved in discussions and debates. As a result, in July 11, 2014, the Resolution 002/2014 
from the local environmental agency (COMDEMA) was released. This Resolution establishes the use of the 
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alternative tools studied in the scope of the IDRC project (BLM approach and biomarkers) to derive water 
quality criteria in fresh, brackish and sea water in the Patos Lagoon estuary and adjacent coastal area. Also, 
as an important advancement, four research trips to the Amazon region were performed in two different 
years in order to collect water and biological samples. Results obtained allowed us to compare the response 
of exposure and effect biomarkers in similar species in tropical and subtropical regions. They clearly showed 
that biomarker responses in copepods, crabs and croakers are dependent on the level of contaminants 
accumulated in the animal tissues, irrespective the sampling site and the coastal area evaluated. This clearly 
indicates that the biomarker approach is a reliable tool to evaluate and monitor the water quality and the 
ecosystem health in both tropical and subtropical coastal areas. As previously mentioned, and also of critical 
relevance, a significant number of high-qualified personnel were continuously trained over the five years of 
the IDRC project. These personnel are now prepared to deal with different aspects of the biological 
monitoring approach, including the tools developed in the scope of this project, in estuarine and coastal 
areas. Taken altogether, the bulk of actions performed in support of the IDRC project turned out very 
positively,  and will certainly help local regulators and decision-makers in improving significantly the health 
and quality of waters used for fishing, harboring, and leisure around the Patos Lagoon estuarine and coastal 
area in southern Brazil. Finally, these actions will certainly guide and help regulatory agencies and decision-
makers from other Brazilian coastal regions concerned with chemical contamination of waters under their 
jurisdiction. 
 
During the development of the present project, the following research outputs were generated: 
-  Research protocols for metal analysis in liquid samples: protocols for measurement of the 
concentration of several metals (Ag, Cd, Cu, Fe, Pb, Zn) in saltwater were applied. 
- Research protocols for metal analysis in biological samples: protocols for measurement of the 
concentration of several metals (Ag, Cd, Cu, Fe, Pb, Zn) in tissue samples of estuarine invertebrate and 
fish were applied. 
- Research protocols for biomarker analysis in tissue samples: protocols for measurement of several 
biomarkers in tissues of the blue crab Callinectes sapidus and the croaker Micropogonias furnieri, as well 
as in the whole body of the copepod Acartia tonsa were applied. Biomarkers included were those for 
measurement of lipid peroxidation level, acetylcholinesterase activity, CYP 450 (EROD) activity and 
metalothionein-like proteins (MTLP) concentration. 
- Newspaper and magazine articles: several actions aiming science diffusion were performed describing 
activities developed in the scope of the IDRC program in Brazil. 
- Research papers: 222 research papers were presented (oral or poster presentations) in national and 
international conferences. 
- Research articles: 60 research articles were published or are already accepted for publication in scientific 
journals of high impact factor in the aquatic toxicology field. Also, 11 research articles are in submission 
process. These research articles deal with the toxicological effect of metals and mixture of contaminants 
in aquatic fish and invertebrates. They bring valuable information to the understanding of the 
mechanisms of accumulation and toxicity of metals in aquatic animals, thus helping the development and 
calibration of the Biotic Ligand Model (BLM) for estuarine and coastal waters. The BLM was the platform 
selected to model our data on the bioavailability and toxicity of metals in the scope of the present 
project. Furthermore, information published also helped us in the identification and application of the 
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multi-biomarker and tissue residue approach for biomonitoring of water contamination with metals and 
mixtures of contaminants, as proposed in the present project 
- Knowledge transfer material: one technical manual (digital and printed) on the fundamentals and 
application of the ecotoxicological modeling for metals was updated. This manual contains all the basic 
information on sources of metal contamination in the environment, properties and characteristics of 
metals in the aquatic environment (speciation, bioavailability and toxicity), use and application of toxicity 
tests with aquatic organisms in water quality monitoring and management, technical and scientific basis 
of the Biotic Ligand Model (BLM), as well as its application in water quality management and its actual 
limitations. A BLM course (30 h) was administered to professionals and graduate and undergraduate 
students in six different occasions in different regions of Brazil and one time abroad (Mexico City). 
Around 200 people (graduate students, technicians, and professionals) were trained to use the BLM for 
metal release regulatory purposes in coastal waters. A website (www.inct-ta.furg.br) was created in the 
scope of the Brazilian Aquatic Toxicology network led by Dr. Bianchini. This website is being continuously 
updated. Also, the first databank on toxicological tests performed with Brazilian native species was 
created, continuously updated and made available (www.inct-ta.furg.br/bd_toxicologico.php). The CRC, 
Dr. Wood, conceived, edited, and wrote two chapters for a 2-volume, 18-chapter book in the Fish 
Physiology series: Volume 31A: Physiology and Toxicology of Essential Metals, and Volume 31B, 
Physiology and Toxicology of Non-Essential Metals (2012, Ed. C.M. Wood, A.P. Farrell, and C.A. Brauner). 
The book should serve as a valuable resource for all those interested in the impacts of metals in the 
marine, estuarine, and freshwater environments. 
- Science diffusion material: One DVD (10 min) was produced and continuously diffused through the 
media. This DVD contains scientific information which is easily understandable by people who are 
otherwise naïve about water contamination and the need for preservation and management of this 
natural resource. In addition to the DVD, a series of 6 TV programs was produced and continously 
diffused through the media. This TV series contains all the information on the infrastructure and research 
activities performed at the 6 universities initially involved in the Brazilian aquatic toxicology network led 
by Dr. Bianchini for the development and application of biomarkers for freshwater and coastal water 
quality management. 
- Meetings with decision-makers and stakeholders: Several meetings took place with the local Secretaries 
of Environment and Fisheries in Brazil, our partners in the IDRC program. During these meetings, 
contamination of estuarine and coastal water bodies surrounding the city of Rio Grande and alternatives 
for monitoring and restoration of the impacted areas were discussed. In addition, around twenty 
meetings took place in the Brazilian Institute for Environmental Protection (IBAMA) at Rio Grande (RS, 
Brazil) with the local Council for Environmental Protection. During these meetings, the knowledge on the 
technical basis and application of the Biotic Ligand Model for modeling the bioavailability and toxicity of 
metals in aquatic environments and the viability of the application of the multi-biomarker approach for 
monitoring of water quality in the Patos Lagoon estuary and coastal surrounding areas were discussed. 
Also, two workshops were organized and held in July and December 2012. Also, a national congress in 
aquatic toxicology was organized and held in November, 2013 with around 400 participants. 
- Environmental regulatory policy: as a result of the activities developed in cooperation with decision-
makers, community stakeholders, NGOs and government officials, the Resolution 002/2014 of the local 
Council for Environmental Protection (COMDEMA) was released in July 11, 2014. It is important to note 
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that this Resolution establishes the use of the alternative tools studied by the research group in the 
scope of the IDRC project (ecotoxicology modeling and biomarker approach) as reliable and valuable 
alternative tools to evaluate and monitor the water quality and ecosystem health in coastal areas. As a 
consequence, these tools are now being used to derive water quality criteria for regulatory purposes 
considering the impact of both inorganic (metals) and organic (hydrocarbons and pesticides) 
contaminants in coastal areas in southern Brazil. In addition, data generated in the Amazon region by the 
research group in the scope of the IDRC project clearly indicate that the biomarker approach can be also 
applied to evaluate and monitor the water quality and ecosystem health in tropical areas. 
 
viii. Overall Risk and Recommendations  
As mentioned above, collaborative work developed in the scope of the IDRC project greatly increased the 
capability and quality of the IDRC RC group through the resources, connections and facilities provided by the 
Program. The collaborative relationship provided by the IDRC Program significantly improved the research 
quality of the IDRC RC, the fast implementation of research findings by research users, and especially the 
nature of the training/mentoring practices. Brazilian students profited from their interdisciplinary training in 
Canada, which integrates research in both university (CRC’s lab) and government laboratories with 
coursework and discussions of management policies. In reciprocity, the IDRC RC has hosted Canadian 
students in his lab, with very successful research outcomes. These visits provided excellent intercultural and 
role model experiences for both the visiting HQP and the hosting HQP. Also, research developed by the IDRC 
RC is now even more focused on practical aspects related to environmental regulatory issues regarding 
estuarine and coastal environments at both national and international levels. Indeed, most of the research 
performed in the IDRC RC laboratory now directly addresses environmental issues related to contamination 
of coastal and marine environments, thus aiming to help regulators and decision-makers to improve 
regulations and good practices towards the conservation and restoration of water resources. The IDRC 
support also significantly increased the opportunities for young researchers to develop research more 
focused on environmental contamination and regulatory issues, thus creating a training program for a new 
generation of professionals more concerned with these aspects. Finally, it should be mentioned the 
improvement of our capability to interact with local stakeholders, as early described above in detail. In 
conclusion, the IDRC Program was really well designed. All the mechanisms of interaction between CRC and 
IDRC-RC were extremely effective. Therefore, we recommend IDRC to keep the Program in the future. 
Indeed, with additional support of the IDRC Program and the Brazilian National Institute of Science and 
Technology of Aquatic Toxicology (INCT-TA), we aim to develop future research focused on the refinement 
of the developed tools and their application at a regional and national scale. In fact, the identification, 
characterization and modelling of adequate and reliable chemical/biological tools, as well as their 
application into the environmental regulatory framework was the main research achievement of this 
project. Therefore, new bioindicators and biomarkers will be identified, characterized and modelled to 
increase our effectiveness in predicting and evaluating the risk imposed by the release of chemical 
contaminants in aquatic (fresh and salt water) ecosystems at a large scale in tropical and subtropical areas. 
Finally, we expect that the most reliable and effective tools derived on the basis of the future research 
developed can be incorporated into the environmental regulatory framework at local, regional and national 
levels in the near future. 
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